ABSTRACT The prevalence of bronchial hyperresponsiveness in adult populations is not known. To document its prevalence and distribution and to determine the factors associated with it, a random sample of the adult population of Busselton, Western Australia, was studied. Spirometric function, bronchial responsiveness to histamine, and atopic responses to skin prick tests were measured. Respiratory symptoms were determined by questionnaire. Data were obtained from 916 subjects. Of these, 876 underwent a histamine inhalation test and bronchial hyperresponsiveness to histamine (defined as a dose of histamine provoking a 20% fall in FEV1 equal to or less than 3 9 jmol) was found in 10-5%. Another 40 subjects with poor lung function were tested with a bronchodilator and 12 were found to have bronchial hyperresponsiveness (defined as a greater than 15% increase in FEV1), making the total prevalence of bronchial hyperresponsiveness 11-4%. The prevalence of current asthma, defined as bronchial hyperresponsiveness plus symptoms consistent with asthma in the last 12 months, was 5-9%. The distribution of bronchial hyperresponsiveness in the studied population was continuous. There was a significant association between it and respiratory symptoms, atopy, smoking, and abnormal lung function (p < 0-001 for all associations). There was no association with age, sex, or recent respiratory tract infection.
The prevalence of asthma in adult populations is largely unknown. Gregg1 has reviewed the published reports and pointed out that the lack of a definition and the different methods used to measure prevalence make comparisons of published studies difficult. Even so, it is likely that there is a higher prevalence in some populations than in others. For accurate descriptions of differences between populations a working definition of asthma and standard methods for documenting the prevalence are needed. Prevalence data, obtained with standard methods, might then be used as a basis for testing hypotheses relating to the nature and causes of asthma.
Since bronchial hyperresponsiveness appears to be a characteristic feature of asthma it seems sensible to include tests of bronchial responsiveness in prevalence studies. The distribution of bronchial responsiveness to histamine and the relationship of bronchial hyperresponsiveness to symptoms of asthma have not been described in adult populations.
To determine the prevalence and distribution of bronchial hyperresponsiveness in a rural Australian population we used a simple, rapid method for histamine inhalation tests. The prevalence and distribution were compared with the prevalence of respiratory symptoms, atopy, abnormal lung function, and recent upper respiratory tract infection.
Methods
The adult population of the shire of Busselton, situated 220 km south of Perth, Western Australia, is approximately 6000. These adults have been asked to attend a health survey every three years since 1966.2 In November and December 1981, 3590 people attended the survey and one in four was assigned randomly to our stu.dy. The nature of the study was explained to each subject, and if consent was obtained subjects were entered into the sample. on a range of health matters. Questions were taken from the Medical Research Council respiratory questionnaire.3 In addition, three questions were asked relating to wheeze or tightness in the chest, cough at night, and shortness of breath coming on at rest. Symptoms were considered to be consistent with asthma if the subject answered yes to one or more of the following questions: Have you ever wheezed or had chest tightness? Do you have a dry cough at night? Have you ever had shortness of breath coming on while you were at rest? Other respiratory symptoms recorded were shortness of breath during mild exertion and chronic productive cough. Other questions asked about previously diagnosed asthma and the time since symptoms last occurred. Symptoms were considered current if they had occurred within the previous 12 months.
On the day the subject attended the survey an additional, short questionnaire was administered which asked about recent upper respiratory tract infections and use of drugs for respiratory disorders.
HISTAMINE INHALATION TEST
Vitalograph spirometers (Vitalograph, UK) were used to record the maximal forced expiratory volume. At least two reproducible curves were obtained after each set of inhalations, and from these the FEV1 and the forced vital capacity (FVC) were recorded. Lung function was considered abnormal if the FEV, was less than 70% of predicted or if the FEV1/FVC ratio was less than 80% of predicted. 4 All subjects whose FEV1 and FVC were more than 60% of predicted had a histamine inhalation test. Subjects who had taken an aerosol bronchodilator within six hours or an oral bronchodilator within 12 hours were asked to return for testing on another day. The test was carried out by the method developed in our laboratory for field studies.56 This method used well calibrated hand held DeVilbiss No 40 nebulisers from which discrete doses of histamine were delivered. After initial spirometric function saline was administered to exclude non-specific airway response to the inhalation of an aerosol or to the effort of the forced expirations, and to tutor the subject in the method of inhaling slowly with a short breath hold. Increasing doses of histamine diphosphate were then administered and the spirometric function was repeated 60 seconds after each dose. The doses given in this way were cumulative. The test required about 10 minutes for a person with non-reactive airways and about 15 minutes for a person with reactive airways. The per cent change in the FEV1 was plotted against the dose of histamine on a logarithmic scale and the dose, in pmol, which caused a 20% fall (PD20FEV1) was recorded.
Subjects with no respiratory symptoms and with normal lung function after the control inhalation of saline were given an abbreviated test in which the doses increased in fourfold increments. Subjects with symptoms or with abnormal lung function were given a test that started with the lowest dose and increased in twofold increments. There is no difference between results obtained using either of these protocols. 5 The test was stopped in all subjects if the FEV1 fell by 20% from the post-saline value or after a total cumulative dose of 3-9 pmol had been administered. A bronchodilator aerosol was given to help recovery when required.
To examine the reproducibility of the histamine inhalation test 25 subjects were requested to return on the following day for a second test. Of these subjects, four had intermediate responsiveness and 21 had bronchial hyperresponsiveness. The second test was performed in exactly the same way as the first test, but not necessarily by the same technician. The degree of responsiveness found on the first occasion was not known by the technician at the time of the second study.
BRONCHODILATOR TEST
A histamine inhalation test was not undertaken in subjects whose FEVY or FVC was less than 60% of the predicted value. Instead, after the expirograms were recorded, either rimiterol (l Omg by metered aerosol) or salbutamol (25mg by nebuliser) was given. Rimiterol was used because it is a rapidly acting f2 adrenergic bronchodilator aerosol. The choice of bronchodilator depended on the severity of the airflow obstruction and on the ability of the subject to inhale from a metered aerosol. Subjects with an increase of more than 15% in FEV1 were considered to have increased bronchial responsiveness. SKIN Prevalence of bronchial hyperresponsiveness and asthma in a rural adult population responsiveness as a 10-19% change, and bronchial hyperresponsiveness as a PD20FEV1 of 3-9ymol or less. Subjects were defined as having asthma if they had bronchial hyperresponsiveness plus symptoms consistent with asthma-that is, wheeze, night cough, or shortness of breath at rest-and the asthma was considered current if symptoms had occurred within the previous 12 months. Associations between variables were determined using x2 analysis of contingency tables.
Results
Approximately 60% of the population of the shire attended the survey; 922 subjects were randomly allocated to our sample and they ranged in age from 18 to 88 years. The age and sex distribution of the sample group was not different from that of the total survey group (table 1) . Furthermore, there were no differences in smoking history or occupation between the sample group and the survey group. The age distribution of the non-attenders is known and was not different from the survey group; however, there is no information relating to the state of health of the nonattenders. We could not obtain satisfactory lung function data from six subjects, who were unable to perform reproducible forced expiratory manoeuvres. Their data were excluded from analyses, leaving a total of 916 subjects with complete data. Figure I shows typical dose response curves from five subjects in the sample. The response of the subject with the most severe bronchial hyperresponsiveness is shown by A. The curves marked B, C, and D are from subjects with progressively less severe degrees of bronchial hyperresponsiveness and the one marked E is from a normal subject. The areas marked severe, moderate, mild, and intermediate are the ranges of severity obtained in previous clinical studies using the histamine inhalation test.5 8 The PD20FEV1 values obtained from the 25 subjects studied on two consecutive days were reproducible to within one doubling dose of histamine in all but three subjects (fig 2) . In these three subjects the PD20FEV1 values on the second occasion were within two doubling doses of their first value. In To determine the prevalence of bronchial hyperresponsiveness subjects were divided into three (table 2) . A total of 876 subjects were challenged with histamine, and 92 (10 5%) of these had bronchial hyperresponsiveness. In addition, of the 40 subjects who had a bronchodilator test instead of a histamine challenge, 12 had a positive response and were therefore included in the group with bronchial hyperresponsiveness, giving 104 subjects, and increasing the prevalence of bronchial hyperresponsiveness to 11 4% of the sample. A further 92 subjects had intermediate responsiveness. Bronchial hyperresponsiveness was strongly associated (p < 0.001) with respiratory symptoms, atopy, smoking, and abnormal lung function. There was no association with age, sex, or recent upper respiratory tract infection. Table 3 shows the strong association (p < 0 001) between bronchial hyperresponsiveness and diagnosed asthma, the use of asthma medications, and symptoms consistent with asthma-wheeze, shortness of breath coming on at rest, or nocturnal cough. A weaker association was found between bronchial hyperresponsiveness and shortness of breath on exertion (p < 0-01) and chronic productive cough (p < 0 05).
Of 104 subjects with bronchial hyperresponsiveness, 71 reported having had one or more of the symptoms consistent with asthma. Thus the prevalence of asthma, defined as bronchial hyperresponsiveness, measured as a positive response to either histamine or bronchodilator, plus symptoms consistent with asthma at any time, was 7-8%. Of these 71 subjects, 54 reported having had one or more of these symptoms in the previous 12 months, giving a prevalence of current asthma of 5 9%, Respiratory tract infection 24 22 158 *Any of: wheeze, night cough, shortness of breath at rest, shortness of breath on exertion, chronic productive cough. In subjects with bronchial hyperresponsiveness to histamine the distribution of PD20FEV1 values appears to be continuous (figs [3] [4] [5] . The severity of bronchial hyperresponsiveness was related to the presence of symptoms of asthma (fig 3) . Of 92 subjects with bronchial hyperresponsiveness to histamine, 62 reported having had one or more of the three symptoms. At lower values of PD20FEV1, indicating more severe bronchial hyperresponsiveness, all subjects had had symptoms, whereas at higher values of PD20FEV1, indicating less severe bronchial hyperresponsiveness, the proportion of subjects without symptoms increased. The severity was also related to the presence of atopy. Atopy was present in 68% of subjects with bronchial hyperresponsiveness to hista- mine compared with 56% of the subjects with intermediate responsiveness and 48% of the subjects with normal responsiveness. At lower values of PD20FEV1 most of the subjects were atopic, but as the severity of bronchial hyperresponsiveness decreased the proportion of atopic subjects decreased (fig 4) . The severity of bronchial hyperresponsiveness was similarly related to the presence of abnormal lung function ( fig  5) . Of the subjects with bronchial hyperresponsiveness to histamine, 28% had abnormal lung PD2rjFEV1(,umol histamnine)
Fig 5 The Of the subjects with a PD20FEV1 of less than 0-25 pmol, 86% had abnormal lung function.
Discussion
The test of bronchial responsiveness to histamine proved to be feasible in this population study, and many expected problems did not arise. In particular, no unpleasant symptoms were experienced by the subjects apart from occasional mild hoarseness. The cooperation of the subjects was excellent; only five people refused to participate, and data were obtained from 99 5% of the subjects studied. The histamine inhalation test proved to be reproducible to within one doubling dose in most subjects, which compares well with the reproducibility of this method under laboratory conditions"9 and with the reproducibility of other methods.10 11 It is impossible to measure the entire distribution of bronchial responsiveness to histamine in a population. Firstly, some subjects have resting lung function that is too poor to allow the administration of histamine. Secondly, most subjects have no change in FEV1 after 39 jymol has been given, so that a PD20FEV1 cannot be recorded. In our laboratory doses of histamine up to 122pmol have failed to cause a 20% fall in FEV1 in many normal subjects. We consider that the group with no response to 3.9pmol of histamine had "normal" bronchial responsiveness, but we recognise that the distinction between normal responsiveness and hyperresponsiveness is necessarily arbitrary. The value obtained for PD20FEV1 depends on the type of test used, and the interpretation of the result depends on clinical experience with the test in subjects with known, well defined asthma. In clinical studies experience with this test has shown that subjects who have a 20% fall in FEV1 at doses up to 3 9 1umol have usually experienced symptoms consistent with a diagnosis of asthma and have required treatment.5 In this community study we defined bronchial hyperresponsiveness as a PD20FEV1 of less than 3-9 pmol and, with our definition, the prevalence of hyperresponsiveness to histamine was 10-5% with an apparently continuous distribution (fig 3) . If we had given a higher dose some subjects with intermediate responsiveness would have had a 20% fall, so that a definition of hyperresponsiveness as a PD20FEV1 of less than 8-0/Amol (which we subsequently adopted) would have given a higher prevalence.
In subjects with poor lung function the response to bronchodilator aerosol was measured. The relation, however, between an increase in FEV1 after 2 adrenergic aerosol and a decrease in FEV1 after histamine has not been established. It is usually accepted that an increase in FEV1 after bronchodilator indicates variable airflow obstruction consistent with asthma,'2 but estimates of the size of the increase necessary to make the diagnosis vary.'2 13 We have accepted an increase of 15%, the lowest value to have been suggested as clearly indicating reversibility."' In the present study the group with very poor lung function was small, and if we had accepted a 20% increase in FEV1 the overall figure would have been little different. The prevalence of bronchial hyperresponsiveness in the 916 subjects studied increased from 10 5% to 11 4% when the subjects with a positive bronchodilator response were included.
Bronchial hyperresponsiveness was strongly associated with the presence of symptoms. The strongest associations were with symptoms considered to be consistent with asthma wheeze, night cough, or shortness of breath at rest and in the group with bronchial hyperresponsiveness the more severe the hyperresponsiveness the higher the proportion of subjects who reported having had these symptoms. This finding supports those of clinical and laboratory studies in which bronchial hyperresponsiveness appears to be a characteristic feature in subjects who have well documented asthma and in whom the severity is related to the severity of the symptoms. Wheeze and shortness of breath coming on at rest have long been recognised as typical symptoms of asthma and the importance of night cough has recently been recognised. '5 In the absence of a universally accepted definition of asthma we have used a working definition in this study of bronchial hyperresponsiveness together with symptoms consistent with asthma. The questionnaire requested information about symptoms at any time in the past. The figure quoted for the prevalence of asthma (7 8%) may underestimate the true cumulative prevalence because some subjects with past symptoms had normal bronchial responsiveness at the time of the study and were thus excluded. On the other hand, the figure for current asthma (5 9%), which relies on bronchial hyperresponsiveness plus symptoms in the previous 12 months, is probably reliable.
Symptoms of chronic productive cough and of shortness of breath on exertion are more usually associated with a diagnosis of chronic obstructive lung disease than of asthma.'6 Although there was a significant association between bronchial hyperresponsiveness and both chronic productive cough and shortness of breath on exertion, the association was not as strong as that between bronchial hyperresponsiveness and symptoms consistent with asthma. It has been shown'7 18 that an appreciable proportion of subjects with chronic obstructive lung disease have bronchial hyperresponsiveness, and it is likely that the subjects who reported chronic cough or shortness of breath on exertion had chronic obstructive lung disease. The lack of clear definitions, however, makes the distinction between asthma and chronic obstructive lung disease arbitrary, especially when both diseases are associated with increased responsiveness of the airways, and the distinction rests on symptoms obtained from answers to questionnaires.
Some subjects with bronchial hyperresponsiveness did not report symptoms, and there are several possible explanations for this finding. Firstly, most of the subjects without symptoms had mild degrees of bronchial hyperresponsiveness so that in daily life they may not have experienced a provocation of sufficient magnitude to produce symptoms. Secondly, some subjects forget or disregard symptoms. Some subjects with bronchial hyperresponsiveness experienced tightness in the chest during the challenge and admitted to having had similar tightness previously, even though they did not report symptoms on the questionnaire. Thirdly, it is likely that bronchial hyperresponsiveness can be transient. Several factors, such as respiratory infections'9 and allergens exposure,20 are known to increase bronchial responsiveness temporarily. We found no relation between bronchial hyperresponsiveness and recent upper respiratory tract infection, and it is likely that respiratory infections play a relatively minor part.
There was an association between bronchial hyperresponsiveness and the presence of atopy. This association has been found in a random population2' but not in studies where the subjects were selected on the basis of symptoms or of atopy. 22 23 Since asthma is often regarded as an atopic disease, and the role of allergens in triggering attacks of asthma is well described, an association between the prevalence of bronchial hyperresponsiveness and the prevalence of atopy is not surprising. It is, however, difficult to quantify the severity of atopy precisely using skin tests and this limits the value of detailed analysis of the relation.
There was a strong association between bronchial hyperresponsiveness and both abnormal lung function and smoking. Recent prac- tical. In the future other provocation tests such as hyperventilation with dry air may be used,26 but this method is more difficult for field studies and requires a moderately high level of ventilation, which subjects with airflow limitation cannot always achieve.
The results of this study show that bronchial responsiveness can be measured reproducibly, rapidly, and without difficulty in populations and that the levels recorded correlate well with information about respiratory symptoms obtained by questionnaire. Until a definition for asthma is universally accepted we suggest that useful comparisons between populations may be made by measuring the prevalence of bronchial hyperresponsiveness and of symptoms consistent with asthma and determining the relation between them. In the future if provoking agents that are more specific for asthma are found the prevalence and distribution of bronchial hyperresponsiveness may be sufficient to estimate the prevalence of asthma.
